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PREFACE 


This  report,  prepared  by  the  U.S.  Department  of  Energy, 
Bartlesville  Energy  Research  Center,  for  the  U.S.  Department  of 
Transportation,  Transportation  Systems  Center,  Energy  Technology 
Branch,  Cambridge  MA,  presents  results  of  experimental  work  to 
obtain  information  on  performance  characteristics  of  an  engine 
used  in  automobiles  sold  in  the  U.S.  The  engine  used  in  this 
work  is  one  of  a series  of  10  engines  to  be  tested  in  the  current 
program.  This  is  the  sixth  of  the  reports  to  be  published  cover- 
ing work  with  those  engines. 

This  project  is  funded  by  the  National  Highway  Traffic  Safety 
Administration,  Office  of  Research  and  Development,  Office  of 
Passenger  Vehicle  Research,  Technology  Assessment  Division. 

Ralph  G.  Colello  and  James  A.  Kidd,  Jr.,  of  the  U.S.  Depart- 
ment of  Transportation,  Transportation  Systems  Center,  are  the 
technical  monitors. 
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1.  INTRODUCTION 


The  objective  of  this  program  is  to  obtain  engine  performance 
data  for  estimating  fuel  economy,  smoke  rate,  and  emissions  for  varied 
engine  service  and  duty.  The  intent  of  this  work  is  to  provide  basic 
engine  characteristic  data  required  as  input  for  engineering  calculations 
involving  ground  transportation. 

This  report  presents  the  data  acquired  from  tests  of  a 1976  Nissan 
diesel  engine.  Model  SD-33  CN6-33.  The  engine  is  imported  by  Chrysler 
and  is  marketed  as  a Chrysler-Nissan  Model  SD-33  CN6-33. 

The  test  results  are  sufficient  to  establish  steady-state  maps  for 
fuel  consumption,  smoke  rate,  and  emissions  (carbon  monoxide,  unburned 
hydrocarbon,  and  oxides  of  nitrogen)  over  the  entire  operating  range 
of  the  engine. 


2,  ENGINE  TEST  PROCEDURE 


The  engine  test  setup  included  a complete  engine  (SAE  definition) 
with  the  exception  of  a fan  and  a coolinq  tower  which  were  used  in  place 
of  the  radiator.  The  alternator  was  included  but  was  not  wired  into 
the  engine's  electrical  system.  The  new  mean-tolerance  engine  was 
equipped  with  a positive  crankcase  ventilation  system.  General  engine 
specifications  are  listed  in  table  1.  A single  batch  of  No.  2 diesel 
fuel  was  used  throughout  the  breakin  (table  2)  and  test;  a detailed 
fuel  analysis  is  given  in  table  3.  The  engine  break  in  consisted  of 
24  hours  of  engine  operation  on  the  dynamometer.  The  engine  was 
operated  at  various  speeds  and  loads  designed  to  simulate  road/load 
conditions.  Engine  testing  began  on  22  July  and  ended  on  31  August 
1976,  for  a total  engine  operation  time  of  about  95  hours.  The 
engine  was  tested  while  operating  at  the  following  steady-state  modes: 


Idle  speeds:  650;  750;  850  rpm 

Idle  loads:  1,  20,  40  bhp  (repeated  at  850  rpm) 

Operating  speeds:  1,000;  1,300;  1,600;  2,000;  2,300;  2,800; 

3,300;  3,800  rpm 

Operating  loads:  0,  10,  25,  40,  60,  75,  90,  100  pet  of  full 

load  (repeated  at  0,  25,  60,  90  pet  of  full 
load  for  al 1 speeds) 


Total  number  of  original  test  modes..........  73 

Total  number  of  repeats 35 

Total  number  of  tests 108 


The  following  data  were  recorded  at  each  test  point: 

Test  number 
Date 

Barometric  pressure,  mm  Hg 
Dewpoint  °F 
Inlet  air  temperature,  °F 
Speed , rpm 

Torque,  lb-ft  — BLH  strain  gage;  Daytronics  indicator 
Fuel  rate,  lb/hr  --  FL0-TR0N  linear  mass  flowmeter 
Throttle  position  --  deg. 

CO,  ppm  --  Beckman  NDIR 

CO2,  pet  --  Beckman  NDIR 

HC,  ppmC  --  Custom  built  heated  FID 

N0X,  ppm  --  Thermo-El ectron  chemiluminescent  detector 
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Oil  temperature,  °F 

Oil  pressure,  psi 

Coolant  temperature,  °F 

Exhaust  temperature,  °F 

Exhaust  pressure,  in.  H20 

Smoke,  pet  opacity  --  PHS  smokemeter 

Air  flow,  lb/mi n --  Meriam  laminar  flow  element. 

The  computed  data  include  absolute  humidity,  power,  exhaust  flow 
rate,  and  emission  rates  of  carbon  monoxide  (CO),  unburned  hydrocarbons 
(HC),  and  oxides  of  nitrogen  (N0X)  in  grams  per  hour.  The  following 
equations  were  applied  in  the  computations: 


H2O  (mm  Hg)  = exp 


12.02 


Dew  pt.  (°F)  - 1.4 
Dew  pt.  (°F)  + 212 


4348  (H20) 

Humidity  (grains  H20/lb  dry  air)  = Ba~r~--'H2'0 
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Power  (bhp)  = 


[Speed  x Torque 

736.6  ] 

^air  + 460 

0.7 

9 

5252 

1 

Baro  - H20  J 

545 

Exhaust  flow  (Ib/min)  = Air  flow  (lb/min)  + Eue^  .0  b/h_r.)-  } 


Mass  CO  = 
where  MW^q 

mwex 


EXVC0  M Wco>\ 
wA100Amwex/ 


453.59237, 


- molecular  weight  of  CO  (=28.01115) 

= molecular  weight  of  exhaust  gas  (=28.967) 


C^  = correction  for  water  removal 
Mass  HC  = 0.0132  (exhaust  rate)  (ppmC  HC) 

Mass  NO  = 0.0432  (exhaust  rate)  (ppm  MO  ) 

X X 


1 + 0.03  CO 


where  is  the  humidity  correction  factor 


(dimensionless) : 


3.  DISCUSSION  OF  RESULTS 


Maximum  corrected  brake  horsepower,  maximum  corrected  torque,  and 
brake  specific  fuel  consumption  (bsfc)  are  plotted  as  a function  of 
engine  speed  at  wide-open-throttle  (WOT)  in  figure  1.  The  maximum 
power  output  of  the  engine  was  found  at  the  specified  speed  but  was 
lower  than  the  value  quoted  in  table  1.  The  maximum  torque  was  found 
at  a slightly  higher  rpm  than  that  specified,  but  the  value  quoted  in 
the  table  was  reached.  The  fuel  rate  was  found  to  be  nearly  linear 
with  power  for  each  engine  speed  as  can  be  seen  in  the  plots  of  fuel 
rate  versus  power  for  a given  speed  (figure  2).  The  N0y  emissions  seem 
to  show  dependence  on  speed  such  that  as  the  power  is  increased  the  N0X 
concentration  will  increase;  this  is  typical  of  diesel  engines.  However, 
the  HC  and  CO  emission  patterns  were  highly  irregular.  See  figures  3 to  5 
The  smoke  rates  for  the  given  speeds  seem  to  be  scattered  a small  amount; 
this  is  due  to  a drift  in  calibration  of  the  smoke  meter  used.  This 
problem  was  resolved  by  running  duplicate  tests  at  the  same  modes  to  deter 
mine  the  smoke  level.  Plotting  this  value  adequately  defines  the  smoke 
level  of  the  engine  at  a particular  speed  and  load  condition.  Fuel  rate 
increased  with  BHP.  See  figure  6. 
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4.  CONCLUSIONS 


The  experimental  work  to  obtain  performance  data  for  the  Nissan 
diesel  engine  has  been  completed  and  is  presented  in  the  tables  accom- 
panying this  report. 
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TABLE  1.  MANUFACTURER'S  ENGINE  SPECIFICATIONS 


Displacement,  cu.  in 

Type. 

Maximum  horsepower,  bhp  @ 3,800  rpm 
Maximum  torque,  Ib-ft  @ 1,600  rpm.. 

Bore  and  stroke,  in 

Confi guration 

Compression  ratio 

Firing  order 

Block  material 

Head  material 

Number  of  crankshaft  main  bearings. 
Number  of  compression  rings/piston. 

Number  of  oil  rings/piston 

Cam  drive  type 

Valve  lift: 

Intake,  in 

Exhaust,  in 

Valve  timing: 

Intake  opens , °BTDC  

Intake  closes,  °ABDC 

Exhaust  opens,  °BBDC... 

Exhaust  closes,  cAi‘DC 

Engine  weight,  lb  

Injection  timing,  advancing  angle:* 
Starting  °BTDC  0 1,000  rpm.... 
High  speed  operation,  °BTDC 

@3,600  rpm 

Fuel  injection  pump...... 

Governor  type 

Engine  family  LD 

Engine  model 


198 

four-cycle  water-cooled  diesel 
with  swirl  chambers 
89 
133 

3.27  x 3.94 
in-line  6-cylinder 
22:1 

1-4-2-6-3-5 
cast  iron 
cast  iron 
4 
3 
2 

gears 

0.248 

0.248 

28 

67 

67 

28 

662 

20 

35 

Bosch  type  A 
RSV 

SD- 331 

SD-33  CN6-33 


*Crankshaft  deg. 
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TABLE  2.  ENGINE  BREAK-IN  SCHEDULE 


Mode 

Engine  Speed, 
rpm 

Torque, 
ft- lb 

Time  in  Mode 
uni  ts 

1 

1 ,520 

12 

1 hr 

2 

1 ,900 

12 

II 

3 

1 ,900 

25 

2 hr 

4 

2,280 

25 

II 

5 

2,280 

37 

II 

6 

2,660 

37 

II 

7 

2,660 

49 

II 

8 

3,040 

49 

II 

9 

3,040 

61 

II 

10 

3,230 

61 

II 

11 

3,230 

74 

II 

12 

3,420 

74 

1 hr 

13 

3,420 

86 

II 

14 

3,610 

86 

II 

15 

3,800 

99 

II 

TABLE  3.  FUEL  SPECIFICATIONS 


Fuel  No 7621 

Distillation,  °F: 

10  pet  evaporated 416 

50  pet  " 486 

90  pet  " 587 

End  point 630 

API  gravity,  deg 35.4 

Specific  gravity,  deg 0.8478 

FIA  analysis,  pet: 

Aromatics 27 

Olefins 4 

Paraffins 64 

Sulfur,  pet 0.33 
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BSFC,  1 b/hp-hr  CORRECTED  BRAKE  HP 


FIGURE  1.  Brake  Specific  Fuel  Consumption,  Torque,  and 
Brake  Horsepower  Versus  Engine  rpm  at  Wide- 
Open-Throttle--Chrysler-Nissan  Diesel  Engine. 
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TORQUE,  ft-lb 


SMOKE,  % opacity 


POWER,  bhp 

FIGURE  2.  Emissions  of  Smoke  Versus  Power  at  Various 
Speed  and  Load  Condi tions--Chrysler-Nissan 
Diesel  Engine. 
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CARBON  MONOXIDE,  grams/hour 


! 


FIGURE  3.  Carbon  Monoxide  Emissions  Versus  Power  at 

Various  Speed  and  Load  Conditions--Chrysler- 
Nissan  Diesel  Engine. 
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HYDROCARBON,  grams/hour 


POWER,  bhp 

FIGURE  4.  Hydrocarbon  Emissions  Versus  Power  at  Various 
Speed  and  Load  Conditions--Chrysler-Nissan 
Diesel  Engine. 
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OXIDES  OF  NITROGEN,  grams/hour 


I 


I 


POWER , bhp 

FIGURE  5.  Oxides  of  Nitrogen  Emissions  Versus  Power 
at  Various  Speed  and  Load  Condi tions-- 
Chrysler-Nissan  Diesel  Engine. 
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FUEL  RATE,  Ib/hour 


POWER,  bhp 

FIGURE  6.  Fuel  Rate  Versus  Power  at  Various  Speed 
and  Load  Conditions--Chrysler-Nissan 
Diesel  Engine. 
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